Background: Certain Chinese medicine (CM) herbs and acupuncture may protect against Alzheimer's disease (AD). However, there is a lack of research regarding the use of CM in patients with AD. The aim of this study was to investigate CM usage patterns in patients with AD, and identify the Chinese herbal formulae most commonly used for AD.
Methods
This study was approved by the Taipei City Hospital Institutional Review Board under study number TCH-IRB-1020816-E (Additional file 1) and National Health Research Institutes under study number NHIRD-103-091 (Additional file 2). The research and associated reporting have been conducted in accordance with conventional ethical principles to protect the identities of the patients involved.
Data resources
This retrospective, nationwide, population-based cohort study was conducted using a randomly sampled cohort of one million patients, selected from the National Health Insurance Research Database (NHIRD) between 1997 and 2008 in Taiwan. The National Health Insurance (NHI) system covers over 97 % of the population of Taiwan and provides full reimbursement to its members for treatments based on CM, including Chinese herbal products, acupuncture, moxibustion and traumatology manipulative therapies. The NHI also holds all of the medical records for CM treatments prescribed by licensed CM practitioners [6] .
One million patient records were randomly selected from those of the 23 million Taiwanese people currently insured under the NHI system. No significant differences were observed in the demographic distribution between the random sample and the original NHIRD. The medical records used in this study were collected for the dates between the 1st of January, 1996 and the 31st of December, 2008. The NHIRD database contained complete data pertaining to clinical visits, and hospitalization records, including visit date, hospital, physician specialist, major diagnoses and the dosage and frequency of any medicines prescribed. The Bureau of National Health Insurance requires physicians to record major diagnoses according to the format described in the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). Figure 1 shows a flowchart describing of the sample selection process. First, all patients without dementia (ICD-9 codes: 290.0, 290.1, 290.2, 290.3, 290.4, 294.1, 294.2 and 331) were excluded (n = 965,572). Second, we excluded patients with a dementia diagnosis not made by a qualified neurologist or psychologist (n = 13,403), along with patients that did not receive anti-AD treatment (n = 19,822). Doctors in Taiwan are requested by the Bureau of National Health Insurance to only prescribe anti-AD drugs to patients that fulfill the criteria outlined by the National Institute of Neurological and Communicative Disorders and Stroke (NINCDS), the Alzheimer's Disease and Related Disorders Association (ADRDA) or the Diagnostic and Statistical Manual of Mental Disorders (DSM IV-TR). Finally, cases of AD diagnosed before the end of 1996 were excluded from the current study, as well as those without complete NHI reimbursement data (n = 66) to ensure that all of the patients represented newly diagnosed cases of AD. Upon completion of this exclusion process, we had a study cohort consisting of 1137 patients.
Study sample

Study variables
Several demographic factors were selected from previous studies [7] . The patients were categorized into six different age groups: <45, 45-54, 55-64, 65-74, 75-84 and ≥85 years of age. The geographic locations of the patients were sorted into seven different regions with similar regional environments: Taipei City and Kaohsiung City, the Northern, Central, Eastern and Southern regions of Taiwan, and the outlying islands.
The amount of money to which each patient was insured was divided into four levels: 0, 1-19,999, 20,000-39,999 and >40,000 new Taiwanese dollars. The "0" insured level included unemployed and retired patients, for whom the insurance costs were covered by the government or other family members. The NHIRD database was searched for diagnosis and treatment records relating to the behavioral and psychological symptoms of dementia (BPSD), including delirium (ICD9 codes: 290.11, 290.3 and 290.41), delusions (ICD9 codes: 290.20, 290.12 and 290.42), depression (ICD9 codes: 290.13, 290.21 and 290.43), sleep disturbances (ICD9 codes: 780.5 and 307.4), hallucination (ICD9 codes: 7801, 2913 and 2928) and behavioral disturbances (ICD9 codes: 294.11 and 294.21). The reimbursement database contains all of the important details relating to the prescription of conventional medicines for treating AD. The types of prescription drugs used to treat AD were categorized as follows: donepezil, rivastigmine, galantamine, memantine, deprenyl, antipsychotic, antimanic, anxiolytic and antidepressant.
The comorbidities of the patients were categorized using the icd-9-cm codes. Notably, the results of previous studies have shown that some comorbidities, including diabetes mellitus (icd9 codes: 249 and 250), hypertension (icd9 codes: 401-405), hyperlipidemia (icd9 codes: 272), chronic kidney disease (icd9 codes: 585, 586 and 588), cerebral vascular accident (icd9 codes: 430-438) and atherosclerosis (icd9 codes: 440), can affect the prognosis and treatment of patients diagnosed with AD.
Chinese medicine treatment
Chinese herbal products (CHPs) composed of one or more herbs (i.e., herbal formulae), which are covered by the NHI system, are more widely adopted by Taiwanese patients than any other form of CM. [8] Information pertaining to CHPs was obtained from the Department of Chinese Medicine and Pharmacy (DCMP), Ministry of Health and Welfare, Taiwan, including the name and ingredients of their herbal formula, as well as their pharmaceutical effects, DCMP manufacturing code and manufacturer. CHPs with the same good manufacturing practices and DCMP standards were sorted into the same group [9] . The acupuncture therapy including acupoint and frequency and massage manipulation and treatment position were also record by the NHI system.
Statistical analysis
The factors associated with the CM treatments used in the current study were analyzed using multiple logistic regression with a significance level of α = 0.05. An odds ratio was used to quantify the relationships between the different conditions and CM use. All of the odds ratios were adjusted based on the demographic factors described above. Version 9.3 of the SAS statistical analysis software (version 9.4; SAS Institute Inc., Cary, NC, USA) was used for data management and analysis.
Results
The NHIRD of outpatient claims contained information pertaining to the claims of 1137 patients with AD from 1997 to 2008. Among them, 889 (78.2 %) AD patients used CM outpatient services. The mean age of non-CM users was slightly higher than that of CM users. Table 1 shows details concerning the demographic and medication distributions of the CM and non-CM users. After adjusting for demographic factors, the results clearly showed that AD patients suffering from one or more BPSD (one symptom: OR = 0.90, 95 % CI 0.57-1.44; two symptoms: OR = 1.94, 95 % CI 1.24-3.05; three or more symptoms: OR = 2.26, 95 % CI 1.48-3.43) were more likely to seek CM treatment than those with no BPSD. Female patients and those living in urban areas were more likely to seek CM treatment than male patients and those living in rural areas. No discernible difference was observed in CM use between AD patients suffering from one or more comorbidities (one: OR = 1.1, 95 % CI 0.47-2.58; two: OR = 0.91, 95 % CI 0.41-2.01; and three or more types: OR = 1.76, 95 % CI 0.83-3.74) and those with no comorbidity.
Analyses of the major disease categories for all CM visits are summarized in Table 2 . These results show that 18,138 (73.3 %) visits were treated with prescribed CHPs, whereas the remaining visits were treated with acupuncture and traumatology manipulative therapies. AD patients tended to use CHPs rather than acupuncture. "Symptoms, signs and ill-defined conditions" was cited as the most common reason for using CM (20.2 %, 5011 visits), followed sequentially by "diseases of the musculoskeletal system and connective tissue" (20.0 %, 4962 visits), "diseases of the respiratory system" (14.3 %, 3542 visits) and "diseases of the digestive system" (12.2 %, 3024 visits). Of the AD patients evaluated in the current study, 9.3 % sought CMs with the aim of treating their "mental disorders, diseases of the nervous system and sense organs". Table 3 shows the details of the CHPs most frequently prescribed by CM practitioners for treating mental disorders and diseases of the nervous system. The results show that Bu-Zhong-Yi-Qi-Tang was the most frequently prescribed CHP, followed by Ji-Sheng-Shen-Qi-Wan, Ma-Zi-Ren-Wan and Tian-Wang-Bu-Xin-Dan. The potential effects of the herbs contained in the 10 most common formulae are shown in Table 4 . It is noteworthy that several herbs, including Ginseng Radix (Ren-Shen) and Angelicae Sinensis Radix Integra (Dang-Gui), appeared repeatedly in formulae reported to be effective against AD. Table 5 shows that 77.1 % of the AD patients consumed Bu-Zhong-Yi-Qi-Tang during the period covered by the current study. After adjusting for demographic factors, the results revealed that female AD patients (OR = 1.23, 95 % CI 1.04-1.57) were more likely to consume Bu-Zhong-Yi-Qi-Tang than male patients.
Discussion
To the best of our knowledge, this study was the first reported one using a random national-level sample to document the usage characteristics of traditional Chinese medicines in AD patients. The incidence of AD was less than 0.3 % in people aged 55-64 years, with the incidence increasing with increasing age. In people aged 85 years or older, the incidence was found to be 17.9 %, which is low compared with results of previous surveys [10, 11] . Notably, all of the patients described in the current study were newly diagnosed with AD by board-certified neurologists or psychiatrists and selected from a random sample of one million patients. Furthermore, these patients were selected from the insured general population of Taiwan and the rate of insured people was consistently above 97 % since 1997. The possibility of selection or recall bias could therefore be excluded. More than 78 % of the AD patients in the cohort were used some form of CM during the 12 years covered by the current study. High accessibility and full coverage for CM through the NHI scheme in Taiwan could lead to an increase in CM use. Furthermore, several Chinese herbs may be effective as alternative therapies for treating AD and related disorders [12] . The current findings also show that women and those living in urban areas are more likely to use CM than men and patients living rural areas. Similar trends were reported previously [13] .
BPSD relating to AD such as delusions, paranoia, hallucinations and anxiety could lead to an increase in caregiver burden and accelerate the progression of AD [14] . AD patients suffering from one or more BPSD were more likely to use traditional CM than those with no BPSD. In addition, using anti-AD or BPSD drugs did not lead to a reduction in CM use. AD patients consumed herbal therapies with the aim of relieving their AD-related symptoms, rather than using these treatments as alternatives to standard anti-AD treatments (i.e., herbal therapies were consumed as complementary medicines).
The category "symptoms, signs and ill-defined conditions" was the most frequently cited diagnosis in the disease category for CM visits to classify the diagnosis pattern of CM. This phenomenon has also been observed in several other patient populations [15] . In addition, 9.3 % of patients with AD in the "mental disorders, diseases of the nervous system and sense organs" disease category had specifically sought out CM to treat their condition. CM treatments were generally used as adjuvant therapies to relieve AD-related symptoms rather than being used as replacements for conventional anti-AD treatment.
The category "diseases of the digestive system" was cited as one of the most common reasons for using CHPs (11.9 %, 2954 visits), with Ma-Zi-Ren-Wan being used to treat constipation [16] . Constipation is a common problem among geriatric patients, especially those with AD, in whom it is generally exacerbated by a lack of exercise or the side effects of anti-AD drugs [17] . Severe constipation in AD patients can lead to confusion and symptoms of irritability or aggression because of the pain and discomfort associated with this condition [18] . Moreover, emodin, which is the major chemical constituent of Ma-Zi-Ren-Wan, protects the cortical neurons from β-amyloid-induced toxicity, representing a possible mechanism for treating AD [19] . In this study, Bu-Zhong-Yi-Qi-Tang was determined to be the most commonly prescribed formula, especially for female AD patients. Bu-Zhong-Yi-Qi-Tang led to elevated levels of dopamine and noradrenaline in the cortical tissues of mice, as well as improved attention, learning function and memory [20, 21] . Bu-Zhong-Yi-Qi-Tang was also used to treat elderly patients with weakness and fatigue [22] . Some frequently prescribed formulae have been reported to exhibit potentially positive effects on AD. For example, Sheng-Mai-San was reported to improve memory and decrease neuronal apoptosis in the hippocampus [23] . Furthermore, Ji-Sheng-Shen-Qi-Wan and Liu-Wei-Di-Huang-Wan, which both belong to the Di-Huang-Wan group of formulae and share similar herbal components, were reported to increase cognitive function after 2 months of treatment [24] . Some formulae were reported to show neuroprotective activity. For example, Tian-Ma-Gou-Teng-Yin led to a reduction in necrosis and apoptosis in neuronal cells through a variety of pharmacological effects, including anti-inflammatory, antioxidative and antiapoptotic activities [25] . Tao-Hong-Si-Wu-Tang exhibited neuroprotective effects against focal cerebral ischemia. Moreover, Gan-Mai-Da-Zao-Tang exhibited sedative and anti-anxiety effects in an animal model [26] . All of the aforementioned formulae, which are standard formulae recommended by the DCMP, Ministry of Health and Welfare, Taiwan, must be modified by qualified CM practitioners in accordance with the principle of syndrome pattern identification as the basis for determining treatment. Table 4 lists all of the herbs contained in the top ten most frequently prescribed formulae. Ginseng Radix (Ren-Shen), which is the major constituent herb in three of the top ten formulae, has been reported to show multiple effects against AD-related factors such as decreasing β-amyloid formation [27] , increasing choline acetyltransferase [28] and forming a competitive interaction with the N-methyl-D-aspartate receptor [29] . Ginseng Radix has also been reported to increase Table 3 Ten most commonly used herbal formulae prescribed by CM practitioners for treating mental disorders, diseases of the nervous system and sense organs (total prescriptions: 1901)
Herbal formulae
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Bu-Zhong-Yi-Qi-Tang [31] , inhibited acetylcholinesterase [32] , reduced β-amyloid associated neurotoxicity and decreased Tau protein hyperphosphorylation in a dosedependent manner [33] . There were several limitations associated with the current study. First, health foods containing herbs, folk medicines and prescriptions from CM practitioners without a license from the Taiwanese authorities were not included in this study. Therefore CHP use may have therefore been underestimated. However, high healthcare insurance coverage and low prices of government-approved CM led to a reduction in herbal folk medicine use. Second, it is not possible to draw any conclusions regarding the relationship between cognitive function and CM use because of a general lack of detailed clinical data. This study focused primarily on a patient population with AD, the AD diagnosis was rigorously censored by the Bureau of National Health Insurance. Third, this study was conducted retrospectively and did not include a randomized placebo group. Lastly, the CM formulae were modified according to the principle of syndrome differentiation.
Conclusions
Most people with AD who consumed herbal products used supplement qi, nourish the blood, and quiet the heart spirit therapy as complementary medicines to Table 4 Potential effects of the herbs contained in the ten most common formulae prescribed by CM practitioners for treating Alzheimer's disease a Formula containing a single herb that might promote the neurotransmitter acetylcholine b Formula containing a single herb that might inhibit the N-methyl-D-aspartate (NMDA) receptor c Formula containing a single herb that might reduce the β-amyloid d Formulae containing a single herb that might decrease the Tau protein
Herbal formulae Constituents
relieve AD-related symptoms, in addition to using standard anti-AD treatments. 
